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EDITOR'S INTRODUCTION

These papers on the marine Neogene (Miocene and Pliocene) of California are
intended to provide orientation and documentation for a field conference on the
Neogene biostratigraphy of the California Coast Ranges. They also constitute
status reports on the age and correlation of key sections in Neogene basins of
coastal California. Many new biostratigraphic data, particularly on planktic
microfossils, are incorporated in these resumes.

The field conference originated from a request by leaders of Project 114 of
the International Geological Correlation Programme (IGCP) - Biostratigraphic
datum-planes of the Pacific Neogene - that the third working group meeting be
convened in California. Initial meetings of this group were held in the western
Pacific region - Tokyo, Japan, in 1976 and Bandung, Indonesia, in 1977. At
Bandung, Professor Nobuo Ikebe, chairman of Project 114, appointed Warren O.
Addicott and James C. Ingle of Stanford University to serve as co-chairmen for
the meetings and a local committee was formed to set up the technical sessions
and field conference. Other committee members are John A. Barron, Louie N.
Marincovich, and Richard Z. Poore. The theme selected for the Project 114
meetings in California is Correlation of tropical through high latitude marine
Neogene deposits of the Pacific basin.

The middle latitudes of southern and central California (lat 33° to 38° N.)
include Neogene formations with tropical, temperate, and cool water marine
faunas. This spectrum of thermal facies and the middle latitude setting of the
California sections facilitate correlation between high and low latitude areas
of the eastern North Pacific margin. The onshore development of marine Neogene
basins is more widespread in California than in other segments of the Pacific
coast of North America. As a consequence, the biostratigraphy of the California
Neogene has received intensive study and is known in far greater detail than
other Pacific coast areas. Thus the marine Neogene of California seems to be
particularly well suited for realization of the stated objectives of these
meetings.

Stratigraphic sections within the Neogene basins selected for study
include fossil groups ranging from mollusks and marine vertebrates through
benthic foraminifers to various planktic microfossils. Mollusks and other
larger marine invertebrates were the basis of initial zonation of the Pacific
coast Neogene nearly 80 years ago and continue to serve as useful biostrati-
graphic indices in nearshore, inner neritic facies. Benthic foraminifers have
played an especially significant role 1in basin analysis and petroleum
exploration in the California Neogene during the past 40 years. Recently,
zonations based on planktic microfossils have been effectively utilized in
calibrating onshore marine sections with oceanic chronologies. This develop-
ment, together with recent radiometric calibration of the California Neogene,
has led to fairly precise positioning of European series-epoch boundaries in the
provincial sequences.



The microfossil chronologies are well-represented in the deeper water
facies that characterize much of the Los Angeles and Ventura basin Neogene
sequences as illustrated by the reports by Ingle and Barron on the Newport Bay,
Mission Hills, and Balcom Canyon areas. Microfossils are also important in age
determination and correlation of the shaly facies of the Monterey Formation that
are widespread and characteristic of the Miocene of the California Coast Ranges.
The 1interrelationship of various microfossil chronologies in the Monterey
Formation of the Salinas basin is discussed by Poore, McDougall, and Barron in
the report on the northern margin of the La Panza Range. Larger marine
invertebrates are best developed in the relatively widespread inner neritic and
littoral facies of the Salinas basin and Santa Cruz Mountains areas to be
examined on this trip. They are also especially well developed in the
widespread shoreline facies of the Miocene and Pliocene of the San Joaquin basin
of central California.

Preparation of this report was facilitated by the helpful assistance of
several people: Rose Trombley (typing and word processing), Dale Russell and
Alan Murphy (drafting), Kenji Sakamoto (macrofossil photography), Robert
Oscarson (scanning electron microscopy), Jack Baldauf (photographic work), and
Stephany Houghton (composition). Fred Kunkel and John Newhouse were
particularly helpful in readying these reports for printing. ..(W.0.A.).




NEOGENE BIOSTRATIGRAPHY AND PALEOENVIRONMENTS OF THE SAN JOAQUIN HILLS
AND NEWPORT BAY AREAS, CALIFORNIA

By James C. Ingle and John A. Barron

INTRODUCTION

Over 6,200 meters of upper Oligocene through Pleistocene marine sediments
are exposed in the San Joaquin Hills area of coastal southern California (figs.
1 and 2) providing an amazingly complete record of sedimentologic and
paleontologic events along the southern margin of the Los Angeles Basin.
Analyses of this well-known Neogene sequence in light of modern biofacies and
lithofacies trends clearly illustrate that it encompasses an entire cycle of
basin formation and filling beginning with subsidence in the late 0Oligocene,
deep basin formation during the Miocene, ending with rapid turbidite sedimen-
tation and finally neritic through littoral sedimentation in Pliocene and
Pleistocene time (Natland, 1957; Ingle, 1967, 1972, in press). Although early
workers recognized the importance of the San Joaquin Hills area (for example,
Reed and Hollister, 1936), a detailed geologic map of the area was not published
until 1957 by Vedder, Yerkes, and Schoellhamer. More recently, several field
trips sponsored by the Pacific Section of the American Association of Petroleum
Geologists have visited portions of this area and the resulting guidebooks
(Vernon and Warren, 1970; Bergen, 1971; Fischer and Johnson, 1973) have been
drawn on freely in preparing this field guide. Key paleontologic references are
noted in descriptions of specific units and field trip locations.

Upper Oligocene formations of the San Joaquin Hills sequence include the
nonmarine Sespe Formation and littoral sandstones of the Vaqueros Formation
(fig. 2) representing evidence of the initial subsidence of this portion of the
Los Angeles Basin associated with a major tectonic reorganization of the
California margin induced by collision of the Farallon and North American plates
(Atwater, 1970; VYeats, 1968; Snyder, Dickinson, and Silberman, 1977).
Continuing subsidence is documented by more than 1,000 m of Tower Miocene sands
and silts of the upper Vaqueros and lower Topanga Formations representing
littoral through neritic deposits (fig. 2). Middle Miocene sediments include
littoral, shelf, and slope deposits of the upper Topanga Formation. This same
period saw deposition of the controversial San Onofre Breccia containing
distinctive clasts of glaucophane schist derived from a western basement source.
Maximum subsidence and formation of a mid to lower bathyal silled basin in this
area is recorded by middle and upper Miocene diatomaceous shales, diatomites,
siliceous shales, and mudstones of the Monterey Shale and lower Capistrano
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NEOGENE STRATIGRAPHIC COLUMN
SAN JOAQUIN HILLS AREA, ORANGE COUNTY, CALIFORNIA
*
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Figure 2. Composite Neogene stratigraphic column for the San Joaquin Hills
area, Orange County, California (after Ingle, 1973a); IGCP 114 field trip
stops marked in circles with lines covering portions of the sequence seen
enroute and at stops.



Formation (fig. 2). Modern analogues of these latter deposits and microfaunas
are represented by oxygen-deficient silled basins of the southern California
Continental Borderland and the Gulf of California (Ingle, 1972). Increasing
rates of sediment accumulation and decreasing rates of subsidence led to rapid
filling of the Neogene basin during later Pliocene and Pleistocene time as
evidenced by bathyal and neritic terrigenous sands and silts of the upper
Capistrano and Fernando Formations (fig. 2). Pleistocene flexing of the
southern California margin uplifted these deposits to their present position
with repeated cutting of marine terraces along the flanks of the San Joaquin
Hills during late Pleistocene time.

Many of the sedimentary units in the San Joaquin Hills sequence contain
sparse to common marine megafossil and microfossil assemblages. However, the
much studied middle and upper Miocene diatomaceous sediments of the Monterey
Shale exposed at Newport Bay yield unusually rich and well-preserved calcareous
and siliceous microfossils and comprise one of the most important Neogene
reference sections along the entire Pacific coast of North America.

The route of this particular segment of the field trip begins at the
intersection of the San Diego Freeway (Freeway 405) and Laguna Canyon Road (fig.
1) thence south through the lower Neogene strata of the central San Joaquin
Hills to the coastal town of Laguna Beach. Miocene units will be briefly
examined along the coast north of Laguna Beach with the remainder of the trip
devoted to the middle Miocene through Pleistocene sequence exposed in the
seacliffs surrounding Newport Bay (fig. 1).

Although this trip focuses on Neogene units it is important to note that
Upper Cretaceous, Paleocene, and Eocene sediments are also exposed in the San
Joaquin Hills and represent neritic deposition during an earlier cycle of marine
deposition in this region. A major interval of nonmarine deposition and erosion
represented by the Sespe Formation of Eocene-0Oligocene age separates the late
Mesozoic-Paleogene sequence from the overlying Neogene marine deposits. The
field trip begins with a brief examination of interfingering nonmarine redbeds
and marine sands of the Sespe and Vaqueros Formations representing the initial
phases of the Neogene transgression in southern California.

FIELD TRIP ROUTE AND COMMENTS

The field trip begins at the intersection of Freeway 405 (San Diego
Freeway) and Laguna Canyon Road. Upon exiting the freeway we will travel south
on Laguna Canyon Road and enter the San Joaquin Hills. The initial hills
flanking the highway are underlain by upper Oligocene (Zemorrian?) littoral
marine sandstones assigned to the Vaqueros Formation (figs. 2 and 3). The buff
and white marine sandstones of the Vaqueros Formation interfinger with
underlying nonmarine redbeds of the Eocene-0ligocene Sespe Formation about 0.8
km (0.5 mile) south of the freeway exit. This gradational contact represents
evidence of accelerating subsidence and initial Neogene marine transgression in
this area and is typical of this event elsewhere in central and southern
California.



























by Casey (1972), Casey, Price, and Swift (1972), and Casey and Price (1973).
Ingle (1962, 1972) also includes quantitative analyses of radiolarian abundance
through the entire Newport Bay section and notes the range of Prunopyle titan.

Well-preserved middle Miocene through lower Pliocene diatom floras and
silicoflagellates from Newport Bay are discussed by Wornardt (1970, 1971, 1973),
Cornell (1975), and Barron (1975a, b, 1976a, b).

Calcareous nannoplankton from the Miocene Monterey Formation at Newport
Bay have been analyzed by Martini and Bramlette (1963), Lipps (1968), Wilcoxon
(1969), and Lipps and Kalisky (1972).

Finally, Vedder (1972) has summarized Pliocene molluscan assemblages from
the Fernando Formation at Newport Bay with additional details of these assem-
blages given by Mount (1970) and Zinsmeister (1970). The very rich upper
Pleistocene molluscan assemblages from Pleistocene terrace deposits uncon-
formably overlying the Newport Bay section have been analyzed by Kanakoff and
Emerson (1954).

General Stratigraphy and Paleoenvironments

The middle to upper Miocene Monterey Shale in the Newport Bay section

consists of a few meters of contorted hard siliceous shales at its base grading
upward into more than 300 meters of soft punky diatomaceous silts, laminated

diatomites, and scattered interbeds of grey mudstone (Ingle, 1972). Prolific
numbers of Foraminifera indicative of Kleinpell's (1938) middle Luisian through
upper Mohnian Stages occur within the diatomaceous Monterey Shale. The strati-
graphically highest portion of this unit is partially exposed at the mouth of
Big Canyon in the eastern bluffs of the bay (fig. 6) where it is composed of
laminated diatomites containing an upper Mohnian fauna equivalent to the Val-
monte Diatomite Member of the Monterey Shale as seen in the Palos Verdes Hills
(Woodring, Bramlette, and Kew, 1946).

The laminated diatomites within the Monterey Shale are direct analogues of
modern Taminated diatomaceous muds forming at bathyal depths under the influence
of the oxygen-minimum layer within modern silled basins off southern California
and the Gulf of California (Calvert, 1964; Ingle, 1972, 1973b, in press; Phleger
and Soutar, 1973). In addition, benthonic foraminiferal assemblages within the
Monterey Shale contain a Tow oxygen-restricted basin biofacies characterized by
high abundances of Bolivina seminuda and related species as well as Suggrunda
eckisi along with neritic and upper bathyal species displaced from the adjacent
shelf and basin slope (Ingle, 1972). The presence of middle bathyal species and
high radiolarian numbers within these same sediments suggests that the Neogene
basin floor subsided to a depth of 1,500 meters or deeper by middle Miocene
time; displaced species indicate an effective sill depth of 200-300 meters
(Ingle, 1972) dictating low oxygen basin water, exclusion of a well-developed
infauna, and preservation of diatomaceous lamina.
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Approximately 400 meters of massive conchoidally fracturing, red-brown
mudstones and gray siltstones of the Capistrano Formation conformably overlie
the Monterey Shale at Newport Bay (fig. 7). The lower mudstones of this unit are
lithologically and faunally equivalent to the upper Miocene Malaga Mudstone
Member of the Monterey Shale as developed in the Palos Verdes Hills to the north
whereas the Pliocene sandy siltstones of the upper Capistrano are equivalent to
sediments formerly referred to the Repetto Formation in the Palos Verdes Hills
and central Los Angeles basin (Ingle, 1972). Radiolarian tests are abundant to
common throughout the Tlower mudstones of the formation whereas calcareous
Foraminifera are absent except for faunas within diatomites at the boundary
between the Monterey Shale and Capistrano Formation (figs. 6 and 7). In fact,
radiolarian numbers exceed 10,000/gm within portions of the Capistrano
mudstones which together with the absence of calcareous microfossils suggests
deposition of this unit took place below the local calcium carbonate compen-
sation depth (CCD) and maximum basin subsidence to a depth approaching 2,000
meters.

A transition from the Tower bathyal massive mudstones of the Capistrano
Formation to siltstones and sandy silts of the upper portion of this unit (fig.
7) marks the initial appearance of a prograding wedge of coarse terrigenous
base-of-slope and slope deposits onto the basin floor during early Pliocene time
(Ingle, 1972). Lower bathyal foraminiferal faunas are present in both the upper
Capistrano and lower Fernando Formations at Newport Bay and include Uvigerina
senticosa and Melonis pompilioides.

The boundary between the Capistrano Formation and overlying 300 meters of
sandy silts, siltstones, and fine sands included in the Pliocene and Pleistocene
Fernando Formation is placed at a prominent conglomerate bed exposed north of
Big Canyon in the east bluffs of Upper Newport Bay (figs. 6 and 7). This
conglomerate as well as other coarse debris in the Fernando Formation represent
evidence of turbidite deposition with the entire suite of 1ithologies displayed
directly analogous to modern basin-fill described by Gorsline and Emery (1959)
from modern nearshore basins. Moreover, the progressive appearance of lower
bathyal, middle bathyal, upper bathyal, and neritic foraminiferal biofacies in
the Fernando Formation records rapidly increasing rates of sediment accumu-
lation and decreasing subsidence along the margin of the Los Angeles basin
during Pliocene-Pleistocene time (Ingle, in press). The Pliocene-Pleistocene
boundary as defined in terms of the initial appearance of the planktonic forami-
nifer Globorotalia truncatulinoides occurs in the upper Fernando Formation in
sediments containing a Wheelerian Stage benthonic foraminiferal assemblage. 1In
fact, foraminiferal faunas indicative of Natland's (1952) Pliocene Repettian,
Venturian, Wheelerian, and Pleistocene Hallian Stages are present in the Fernan-
do Formation (fig. 7), however, these assemblages are in fact facies faunas not
unique to Pliocene or Pleistocene strata but instead range throughout the
Pliocene to Recent with their appearance in time and space governed by basin
evolution and bottom water dynamics (Natland, 1957; Ingle, 1972, 1976).

The stratigraphically highest portion of the Fernando Formation in Upper
Newport Bay was destroyed during recent construction but is known to have graded
from sandy siltstone to silty sand containing molluscan shells and neritic
benthonic Foraminifera. An angular unconformity between these lower
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Pleistocene strata and the overlying flat-lying upper Pleistocene terrace
deposits dramatically demonstrates the fact that major flexing of this area
occurred in middle Pleistocene time.

Age and Biostratigraphy

A summary of calcareous and siliceous microfossil zonations currently
recognized in the Newport Bay section is presented on figure 8. It should be
noted that the general subarctic-to-temperate character of 1late Neogene
microfaunal and floral assemblages in this sequence has, until recently,
hindered recognition of the more widely applied standard zonations developed
primarily in tropical latitudes (for example, Blow, 1969. However, recent
analyses of higher latitude Neogene sequences at Deep Sea Drilling Project sites
in both the North and South Pacific together with recognition of major widely
sensed Neogene paleoceanographic-paleoclimatic events (for example, Ingle,
1973b; Bukry, 1975; Kennett and Vella, 1975; Shackleton and Kennett, 1975; and
others) have assisted in correlating the Newport Bay assemblages with standard
zonal schemes as well as recognition of selected zones within the section. The
dynamic Neogene history of the California current system, characterized by
alternating northward and southward excursions of critical isotherms and
temperature sensitive planktonic biofacies, has excluded many key tropical taxa
from the Newport Bay section and allowed only brief appearances of others
(Ingle, 1973b, 1977) precluding precise placement of zonal boundaries (fig. 8).
Exceptions to this general case occur in terms of zonations established with
siliceous microfossils. Diatom zones have now been established in low and
higher 1latitude sequences of the North Pacific (Hays, Saito, Opdyke, and
Burckle, 1969; Burckle, 1972; Schrader, 1973; Koizumi, 1973; Barron, 1976a).
Many of these zones can be recognized in diatomaceous Miocene and early Pliocene
sediments of the Newport Bay section (fig. 8) and together with established
ranges of key silicoflagellates (Cornell, 1975; Barron, 1976b) allow
correlation of this sequence with both tropical and high latitude sequences
outside the California Current province as well as correlation with the working
paleomagnetic and radiometric time scale commonly applied to the Neogene
(Berggren and Van Couvering, 1974). Ranges of key radiolarians in general
support correlations and epoch boundaries established on the basis of diatoms
(Casey, Price, and Swift, 1972) as do limited planktonic foraminiferal and
calcareous nannofossil ranges (Lipps, 1964, 1968; Ingle, 1972; Wilcoxon, 1969).
In turn, these same correlations are providing a basis for correlating well-
documented provincial benthonic foraminiferal stages and zones (Kleinpell,
1938; Natland, 1952) recognized in the Newport Bay section (Ingle, 1972; Warren,
1970, 1972) with the now widely applied planktonic zonal schemes (fig. 8).

A complicating factor surrounding the Miocene-Pliocene boundary in
California is the recent recognition that the type Delmontian Stage is appar-
ently equivalent to a portion of the older Mohnian Stage and hence constitutes
an invalid stage (Pierce, 1972; Barron, 1976c). One solution might be to extend
the Mohnian Stage to the base of the Repettian Stage as suggested by Pierce
(1972) but further documentation of this problem will be necessary before any
formal adjustment of provincial stages would be widely accepted.
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A Pliocene planktonic foraminiferal fauna containing Globorotalia
crassaformis and G. puncticulata occurs together with a Repettian benthonic
foraminiferal fauna in the uppermost Capistrano Formation at Newport Bay (fig.
8) and is thought to be correlative with zone N19 of tropical latitudes.

The Pliocene-Pleistocene boundary in California is commonly piaced between
the provincial Wheelerian and Hallian Stages of Natland (1952) but it is widely
recognized that faunas indicative of these stages range from Pliocene to Recent
in age with appearance of a Hallian fauna controlled by basin-shelf history
rather than evolution (for example, Ingle, 1967). Hence it is not surprising to
find this epoch boundary within sediments assigned a Repettian, Venturian,
Wheelerian, or Hallian provincial age. Rare specimens of Globorotalia
truncatulinoides occur within the uppermost Fernando Formation in the Newport
Bay section and indicate the Pliocene-Pleistocene boundary as defined by the
first evolutionary appearance of this species is probably present within upper
Wheelerian strata of this section (fig. 8) similar to its occurrence in the
western Ventura Basin to the north (Bandy and Wilcoxon, 1970).

Field Trip Locations at Newport Bay

STOP 3 - The overview of Upper Newport Bay from Galaxy Park allows the middle
Miocene through upper Miocene sequence of Monterey Shale exposed in the east
bluffs along Bayside Drive to be viewed in its entirety (fig. 7). Note that
portions of this much studied sequence at Stop 4 are slumped and require careful
sampling. Uppermost Monterey Shale and Tower Capistrano sediments eroded in Big
Canyon (fig. 8) are present in the west bluffs of the bay immediately north of
Galaxy Park (fig. 6).

To proceed to Stop 4 retrace the route to Pacific Coast Highway (figs. 1
and 6). Turn left onto Pacific Coast Highway and travel south to the
intersection of Jamboree Road. Turn left (north) onto Jamboree Road and travel
a quarter mile (0.4 km) to the intersection of Bayside Drive; turn left onto
Bayside Drive and proceed north to the intersection of Bayside Drive and San
Joaquin Road and park. Stop 4 consists of a walking traverse past the north-
dipping diatomaceous sediments of the Monterey Shale exposed along Bayside Drive
from just south of San Joaquin Road north to Big Canyon (figs. 6 and 8).

STOP 4 - Rich and well- preserved foraminiferal faunas characteristic of the
upper “Luisian Stage occur in punky laminated diatomites initially exposed in
roadcuts from a point about 200 meters south of San Joaquin Drive north to the
intersection of the small canyon at the intersection of San Joaquin Road and
Bayside Drive (fig. 6). Samples from these beds commonly contain abundant
specimens of Valvulineria californica, various species of Bolivina, along with
Siphogenerina collomi (fig. 8). Planktonic foraminiferal faunas from this
portion of the Monterey Shale are typically rich in Globigerina bulloides s.1.,
G. concinna, G. angustiumbilicata, and Globorotaloides trema along with rare
occurrences of warmer water taxa including Globoquadrina venezuelana (Lipps,
1964; Ingle, 1972). These same beds encompass North Pacific Diatom Zones XXIII
through XXI and the Calocycletta virginis radiolarian zone (fig. 8). Large
spumellarian radiolarians can be seen on bedding planes as well as larger diatom
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frustules. Lipps and Kalisky (1972) assign this portion of the sequence to
nannofossil zone NN5 although there is controversy over the reported occurrence
of Discoaster kugleri in Luisian age beds at this location (Wilcoxon, 1969).

The laminated character of bedding within the diatomaceous shales is
indicative of low oxygen bottom conditions and lack of infaunal burrowing within
the silled Miocene basin. These same conditions allowed preservation of fish
remains including abundant scales, teeth, and bones seen on bedding planes.

Lower Mohnian benthonic Foraminifera indicative of the Bolivina
modeloensis zone occur in Monterey Shale exposed on the north side of the canyon
marked by San Joaquin Road (figs. 6 and 8). The Luisian-Mohnian boundary is
located within this latter canyon (Warren, 1970). Typical lower Mohnian
Foraminifera found 1in these sediments include Concavella (Epistominella)
gyroidinaformis, a distinctive 1index species of the California Mijocene.
Planktonic foraminiferal faunas continue to be dominated by temperate species
with Globigerina bulloides s.1. comprising well over 50 percent of most
assemblages (Ingle, 1972). Discoaster kugleri is repcrted to make its first and
last appearances in lower Mohnian beds at this locality (Lipps and Kalisky,
1972) allowing correlation of the lower Mohnian beds with nannofossil zone NN6.

Walking north along Bayside Drive past slumped portions of the Monterey
Shale good exposures are again available about 230 meters north of San Joaquin
Road (fig. 6). Samples from these exposures also yield lower Mohnian bathyal
Foraminifera including costate species of Uvigerina. Warren (1972) notes that
the last occurrences of Baggina californica, Bolivina modeloensis, and
Concavella (Epistominella) gyroidinaformis occur within this interval. Lipps
and Kalisky (1972) assign this portion of the Monterey Shale to nannofossil
zones NN8 and NN9(?) and place them in the uppermost middle Miocene on this
basis (fig. 8).

Barron (1976) places the middle Miocene-upper Miocene boundary at the base
of his modified North Pacific Diatom Zone XVI (fig. 8). Burckle (in press)
suggests that the boundary lies slightly higher (probably within zonal interval
XV-XVI). The base of Zone XVI corresponds with the first occurrence of
Hemidiscus cuneiformis (fig. 8), a datum 1level that Burckle (in press)
correlates with the middle of Paleomagnetic Epoch 12 (uppermost middle Miocene).

Excellent exposures of the upper Monterey Shale occur at the end of the
Stop 4 traverse around the point on the south side of Big Canyon (figs. 6, 7, and
8). Warren (1972) documents the occurrence of benthonic foraminifers indicative
of the Bulimina uvigerinaformis zone of the lower Mohnian up to a point 11
meters stratigraphically below the youngest exposures of Monterey Shale atop Big
Canyon point (figs. 6 and 8). Upper Mohnian assemblages occur in the remaining
10-11 meters of Monterey Shale exposed on this point; younger upper Mohnian
faunas are present in uppermost Monterey Shale exposed on the west side of the
bay opposite Big Canyon (Ingle, 1972; Warren, 1972). Planktonic foraminifers in
these strata include the first occurrence of Neogloboquadrina pachyderma with
sinistral coiling populations of this species signaling the onset of subarctic
surface temperatures at this locality in late Miocene time. Diatom floras are
indicative of North Pacific Diatom Zones XIV and XIII (fig. 8).
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Strata encompassing the Miocene-Pliocene boundary are exposed in the
western bluffs of Newport Bay but will not be visited during this field trip.

Both Burckle and Opdyke (1977) and Harper (1977) place the Miocene-Pliocene
boundary near the contact between the Monterey Shale and the Capistrano
Formation. This is based on the occurrence of the latest Miocene diatom
Nitzschia miocenica in the uppermost Monterey Shale and Casey's report (in
Wornardt, 1973) of the early Pliocene radiolarian Lamprocyrtis heteroporos in
the lowermost Capistrano Formation. In addition, the early Pliocene diatom
Thalassiosira oestripii first appears in the lower Capistrano Formation
approximately 60 m above the contact with the Monterey Shale (fig. 8) based on
re-examination of Barron's (1976b) samples.

Traveling north along Bayside Drive from Stop 4 resistant pink and brown
mudstones of the lower Capistrano Formation can be seen in bluffs on the north
side of Big Canyon. Looking west from this point the 1ithologic change from the
resistant mudstones to overlying gray siltstones of the upper Capistrano
Formation can be seen in terms of a color change by noting increased slumping in
the siltstones.

STOP 5 - After passing poorly exposed uppermost Capistrano sediments resistant
conglomeratic beds of the basal Fernando Formation occur about 0.5 km (0.3 mile)
north of Big Canyon; continue past this point for an additional 0.8 km (0.5
mile) to Stop 5. Low bluffs and cuts at Stop 5 contain typical exposures of
micaceous sandy silts of the Pliocene-Pleistocene Fernando Formation
representing the final basin-filling phase of Neogene deposition along the
southeastern margin of the Los Angeles Basin (Ingle, 1972, in press). Although
sediments at Stop 5 contain poorly preserved foraminifers pre-collected IGCP 114
microfossil sample 5 (figs. 6 and 8) contains a representative Pliocene
foraminiferal fauna. Deepest dwelling benthonic species in sample 5 represent a
middle bathyal biofacies containing Bulimina subacuminata and Uvigerina
hispidocostata. This latter assemblage is also indicative of the Venturian
Stage of Natland (1952, 1957). In addition, high abundances of species
displaced from shallower environments such as inner neritic Nonionella
miocenica stella characterize Fernando assemblages and confirm the turbidite
origin of most of this unit (Ingle, 1972).

Planktonic foraminfers found within the 1lower Fernando Formation are
dominated by Neogloboquadrina dutertrei and N. humerosa and are correlated with
Pliocene zones N19 and 20. Upper portions of this formation contain planktonic
foraminifers dominated by Neogloboquadrina pachyderma, Globigerina bulloides,
and G. umbilicata (Ingle, 1972) with alternating zones of dextral and sinistral
coiling specimens of N. pachyderma reflecting major climatic events in the
northeastern Pacific (Ingle, 1972, 1977). The initial appearance of
Globorotalia inflata occurs in the upper Fernando Formation with the rare
occurrences of Globorotalia truncatulinoides approximating the Pliocene-
Pleistocene boundary (N21/N22) in uppermost upper bathyal strata of the Fernando
Fermation just prior to structural flexing and uplift of this portion of the
basin margin in middle Pleistocene time.

22



REFERENCES CITED

Asano, K., Ingle, J. C., Jr., and Takayanagi, Y., 1968, Origin and development
of Globigerina quingueloba Natland in the North Pacific: Tohoku Univ. Sci.
Repts., 2d ser. (Geology), v. 39, p. 213-241.

Atwater, T., 1970, Implications of plate tectonics for the Cenozoic tectonic
evolution of western North America: Geol. Soc. America Bull., v. 81, p.
3313-3356.

Bandy, 0. L., and Wilcoxon, J. A., 1970, The Plio-Pleistocene boundary, Italy
and California: Geol. Soc. America Bull., v. 81, p. 2939-2948.

Barron, J. A., 1976a, Middle Miocene-lower Pliccene marine diatom and silico-
flagellate correlations in the California area, in Fritsche, A. E.,
TerBest, H., and Wornardt, W. W., eds., The Neogene Symposium: Soc. Econ.
Paleontologists and Mineralogists, Pacific Sec., San Francisco, p. 117-
124.
1976b, Revised Miocene and Pliocene diatom biostratigraphy of Upper

Newport Bay, Newport Beach, California: Marine Micropaleontology, v. 1, p.

27-63.

1976¢c, Marine diatom and silicoflagellate biostratigraphy of the type

Delmontian Stage and the Bolivina obliqua zone, California: U.S. Geol.

Survey Jour. Research, v. 4, no. 3, p. 339-351.

Bergen, F. W., ed., 1971, Geologic guidebook, Newport Lagoon to San Clemente,
Orange County, California: Soc. Econ. Paleontologists and Mineralogists,
Pacific Sec., Los Angeles, 88 p.

Berggren, W. A., and Van Couvering, J. A., 1974, The late Neogene: biostrati-
graphy, geochronology, and paleoclimatology of the last 15 million years in
marine and continental sequences: Palaeogeography, Palaeoclimatology,
Palaeoecology, v. 16 (1/2), p. 1-216.

Blow, W. H., 1969, Late middle Eocene to Recent planktonic foraminiferal bio-
stratigraphy: Internat. Conf. Planktonic Microfossils, First, Proc., E.
J. Brill, Leiden, v. 1, p. 199-422.

Bukry, D., 1975, Coccolith and silicoflagellate stratigraphy, northwestern
Pacific Ocean, Deep Sea Drilling Project Leg 32: Initial Repts. Deep Sea
Drilling Proj., v. 32, p. 677-692.

Bull, W. B., 1972, Recognition of alluvial-fan deposits in the stratigraphic
record, in Rigby, J. K., and Hamblin, W., eds., Recognition of ancient
sedimentary environments: Soc. Econ. Paleontologists and Mineralogists
Spec. Pub. 16, p. 63-83.

Burckle, L. H., 1972, Late Cenozoic planktonic diatom zones from the eastern
equatorial Pacific: Nova Hedwigia Beihefte, No. 39, p. 217-246.
in press, Early Miocene to Pliocene diatom datum Jlevels for the equatorial
Pacific: Geol. Soc. Indonesia Proc., IGCP Proj. 114 meetings, Indonesia,
1977.

Burckle, L. H., and Opdyke, N. D., 1977, Late Neogene diatom correlations in the
circum Pacific: Internat. Cong. Pacific Neogene Stratigraphy, First,
Tokyo, 1976, Proc., p. 255-284.

Calvert, S. E., 1964, Factors affecting deposition of laminated sediments in the
Gulf of California, in van Andel, Tj. H., and Shor, G., eds., Marine
geology of the Gulf of California: Am. Assoc. Petroleum Geologists Mem. 3,
p. 311-330.

23



Campbell, A. S., and Clark, B. L., 1944, Miocene radiolarian faunas from
southern California: Geol. Soc. America Spec. Paper 51, 76 p.

Casey, R. E., 1972, Neogene radiolarian biostratigraphy and paleotemperatures;
southern California, the experimental Mohole, Antarctic Core 14-8:
Palaeogeography, Palaeoclimatology, Palaeoecolegy, v. 12, p. 115-130.

Casey, R. E., and Price, A. B., 1973, A tentative radiolarian zonation and
paleoceanographic interpretation from Newport Bay, California, in Fischer,
P., and Johnson, D., eds., Miocene sedimentary environments and biofacies,
southeastern Los Angeles Basin: Soc. Econ. Paleontologists and
Mineralogists, Guidebook, Field Trip No. 1, Am. Assoc. Petroleum
Geologists Ann. Mtg., 1973, p. 67-70.

Casey, R. E., Price, A. B., and Swift, C. A., 1972, Radiolarian definition and
paleoecology of the late Miocene to early Pliocene in southern California,
in Steinmeyer, E., ed., Pacific Coast Miocene biostratigraphic symposium:
Soc. Econ. Paleontologists and Mineralogists, Pacific Sec., Proc.,
Bakersfield, p. 226-238.

Cornell, W. C., 1975, Neogene silicoflagellate biostratigraphy of the back bay
section, Newport Beach, California: Am. Assoc. Petroleum Geologists, 1975
Ann. Mtg., Abstracts, v. 2, p. 14.

Crouch, R. M., 1951, Nodosarella verneuilli (d'Orbigny) from the Pliocene of the
Los Angeles Basin: Cushman Found. Foram. Research Contr., v. 2, pt. 1, p.
9.

Fischer, P., and Johnson, D., eds., 1973, Miocene sedimentary environments and
biofacies, southeastern Los Angeles Basin: Soc. Econ. Paleontologists and
Mineralogists, Guidebook Field Trip No. 1, Am. Assoc. Petroleum Geologists
Ann. Mtg., 1973, 75 p.

Flemal, R. C., 1968, Sespe Formation--example of arid climate redbed: Am.
Assoc. Petroleum Geologists Bull., v. 52, p. 527 (abstract).

Gorsline, D. S., and Emery, K. 0., 1959, Turbidity current deposits in San Pedro
and Santa Monica basins off southern California: Geol. Soc. America Bull.,
v. 70, p. 279-290.

Harper, H. E., Jr., 1977, Diatom biostratigraphy of the Miocene-Pliocene
boundary in marine strata of the Circum-North Pacific: Harvard Univ., Ph.
D. dissert., 112 p.

Hays, J. D., Saito, T., Opdyke, N. D., and Burckle, L. H., 1969, Pliocene and
Pleistocene sediments of the equatorial Pacific; their paleomagnetic,
biostratigraphic, and climatic record: Geol. Soc. America Bull., v. 80, p.
1481-1514.

Ingle, J. C., Jr., 1962, Palececologic, sedimentary, and structural history of
the late Tertiary Capistrano Embayment, California: Southern California
Univ., unpub. M.S. thesis, 166 p.

1967, Foraminiferal biofacies variation and the Miocene-Pliocene boundary
in southern California: Bulls. Am. Paleontology, v. 52, no. 236, p. 210~
394.

1971, Palececologic and paleobathymetric history of the late Miocene-
Pliocene Capistrano Formation, Dana Point area, California, in Bergen, T.,
ed., Geologic guidebook Newport Lagoon to San Clemente, Orange County,
California: Soc. Econ. Paleontologists and Mineralogists, Pacific Sec.,
Los Angeles, p. 71-88.

1672, Biostratigraphy and palececology of early Miocene through early
Pleistocene benthonic and planktonic Foraminifera, San Joaquin Hills-

24



Newport Bay, Orange County, California, in Steinmeyer, E., ed., The Pacific
Coast Miocene biostratigraphic symposium: Soc. Econ. Paleontologists and
Mineralogists, Pacific Sec., p. 255-283.

1973a, Pliocene-Miocene sedimentary environments and biofacies, south-
eastern Los Angeles Basin-San Joaquin Hills area, Orange County, Cali-
fornia, 1in Fischer, P., and Johnson, D., eds., Miocene sedimentary
environment and biofacies, southeastern Los Angeles Basin: Soc. Econ.
Paleontologists and Mineralogists, Guidebook Field Trip No. 1, Am. Assoc.
Petroleum Geologists Ann. Mtg., 1973, p. 1-17.

1973b, Summary comments on Neogene biostratigraphy, physical stratigraphy,
and paleo-oceanography in the marginal northeastern Pacific Ocean, in
Kulm, L. D., von Huene, R., and others, Initial Reports of the Deep Sea
Drilling Project: Washington, D. C., U.S. Govt. Printing Office, v. 18, p.
949-960.

1976, Late Neogene paleobathymetry and paleoenvironments of the Humboldt
Basin, northern California, in Fritsche, A. E., TerBest, H., and Wornardt,
W. W., eds., The Neogene symposium: Soc. Econ. Paleontologists and
Mineralogists, Pacific Sec., p. 53-61.

in press, Cenozoic paleobathymetry and depositional history of selected
sequences within the southern California Continental Borderland: 0. L.
Bandy Mem. Vol., Cushman Found. Foram. Research Spec. Pub.

Kanakoff, G. P., and Emerson, W. K., 1959, Late Pleistocene invertebrates of
Newport Bay area, California: Los Angeles County Mus. Contr. Sci., no. 31,
p. 1-47.

Kennett, J. P., and Vella, P., 1975, Late Cenozoic planktonic Foraminifera and
paleoceanography at DSDP Site 284 in the coo. subtropical South Pacific:
Initial Repts. Deep Sea Drilling Proj., v. 29, p. 769-799.

Kern, J. P., and Wicander, E. R., 1974, Origin of a bathymetricaliy displaced
marine invertebrate fauna in the upper part of the Capistrano Formation
(Tower Pliocene), southern California: Jour. Paleontology, v. 48, p. 495-
505.

Kleinpell, R. M., 1938, Miocene stratigraphy of California: Tulsa, Okla., Am.
Assoc. Petroleum Geologists, 450 p.

Koizumi, I., 1973, Late Cenozoic diatoms of Sites 183-193, ieg, 19, Deep Sea
Drilling Project: Initial Repts. Deep Sea Drilling Proj., v. 19, p. 805-
855.

Lipps, J. H., 1964, Miocene planktonic Foraminifera from Newport Bay, Cali-

fornia: Tulane Studies Geology, v. 2, p. 109-133.

1967, Planktonic Foraminifera, intercontinental correlation, and age of

California mid-Cenozoic microfaunal stages: Jour. Palecontology, v. 41, p.

994-999.

1968, Mid-Cenozoic calcareous nannoplankton from western North America:

Nature, v. 218, p. 1151-1152.

Lipps, J. H., and Kalisky, M., 1972, California 0ligo-Miocene calcareous
nannoplankton biostratigraphy and paleoecology, in Steinmeyer, E., ed.,
The Pacific Coast Miocene biostratigraphic symposium: Soc. Econ. Paleon-
tologists and Mineralogists, Pacific Sec., Bakersfield, p. 239-254.

Martini, E., and Bramlette, M. N., 1963, Calcareous nannoplankton from the
experimental Mohole drilling: Jour. Paleontology, v. 37, p. 845-856.

McCracken, W. A., 1972, Paleocurrents and petrology of Sespe sandstones and
conglomerates, Ventura Basin, California: Stanford Univ., unpub. Ph.D.
thesis, 183 p.

25



Mount, J. D., 1970, A new species of Neadmete (Neogastropoda) from the Pliocene
of California: Los Angeles County Mus. Contr. Science, no. 17, 4 p.

Natland, M. L., 1952, Pleistocene and Pliocene stratigraphy of southern

California: California Univ., Los Angeles, unpub. Ph.D. thesis, 165 p.

1957, Paleoecology of West Coast Tertiary sediments, in Ladd, H. S., ed.,

Treatise on marine ecology and paleoecology: Geol. Soc. America Mem. 67,

v. 2, p. 543-572.

Natland, M. L., and Rothwell, W. T., 1954, Fossil Foraminifera of the Los
Angeles and Ventura regions, California: California Div. Mines Bull. 170,
Chap. 3, p. 33-42.

Pierce, R. L., 1972, Revaluation of the 1late Miocene biostratigraphy of
California: summary of evidence, in Steinmeyer, E., ed., The Pacific Coast
Miocene biostratigraphic symposium: Soc. Econ. Paleontologists and
Mineralogists, Pacific Sec., Bakersfield, p. 334-340.

Phleger, F. B., and Soutar, A., 1973, Production of benthic Foraminifera in
three east Pacific oxygen minima: Micropaleontology, v. 19, p. 110-115.

Reed, R. D., and Hollister, J. S., 1936, Structural evolution of southern
California: Tulsa, Okla., Am. Assoc. Petroleum Geologists, 157 p.

Savage, D. E., and Downs, T., 1954, Cenozoic land 1ife in southern California:
California Div. Mines Bull. 170, Chap. 3, p. 43-58.

Schrader, H. J., 1973, Cenozoic diatoms from the northeast Pacific, Leg 18:
Initial Repts. Deep Sea Drilling Proj., v. 18, p. 673-797.

Shackleton, N. J., and Kennett, J. P., 1975, Late Cenozoic oxygen and carbon
isotopic changes at DSDP Site 284: implications for glacial history of the
northern hemisphere and Antarctica: Initial Repts. Deep Sea Drilling Proj.
v, 29, p. 801-807.

Smith, P. B., 1960, Foraminifera from the Monterey Shale and Puente Formations,
Santa Ana Mountains and San Juan Capistrano area, California: U.S. Geol.
Survey Prof. Paper 294-M, p. 463-495,

Snyder, W. S., Dickinson, W. R., and Silberman, M. L., 1976, Tectonic impli-
cations of space-time patterns of Cenozoic magmatism in the western United
States: Earth and Planetary Sci. Letters, v. 32, p. 91-106.

Stuart, C. J., 1973, Lithofacies in the San Onofre Breccia, Laguna Beach to Dana
Point, Orange County, California: a preliminary report, in Fischer, P.,
and Johnson, D., eds., Miocene sedimentary environments and biofacies,
southeastern Los Angeles Basin: Soc. Econ. Paleontologists and
Mineralogists, Guidebook Field Trip No. 1, Am. Assoc. Petroleum Geologists
Ann. Mtg., 1973, 75 p.

Vedder, J. G., 1970, Summary of geology of the San Joaquin Hills, in Vernon, J.,

and Warren, A. D., eds., Geologic guidebook southeastern rim of the Los

Angeles Basin, Orange County, California: Am. Assoc. Petroleum

Geologists, Pacific Sec., Los Angeles, p. 15-19.

1971, The San Onofre Breccia in the San Joaquin Hills, in Bergen, T., ed.,

Geologic guidebook Newport Lagoon to San Clemente, Orange County,

California: Soc. Econ. Paleontologists and Mineralogists, Pacific Sec.,

Los Angeles, p. 12-21.

1972, Review of stratigraphic names and megafaunal correlation of Pliocene

rocks along the southeastern margin of the Los Angeles Basin, California,

in Steinmeyer, E., ed., The Pacific Coast Miocene biostratigraphic
symposium: Soc. Econ. Paleontologists and Mineralogists, Pacific Sec.,

Bakersfield, p. 158-172.

26

































NEOGENE BIOSTRATIGRAPHY AND PALEOENVIRONMENTS OF THE WESTERN VENTURA BASIN
WITH SPECIAL REFERENCE TO THE BALCOM CANYON SECTION

by James C. Ingle

INTRODUCTION

The western portion of the Ventura Basin contains one of the thickest known
Neogene marine sections in the world with a continuous sequence of Pliocene and
Pleistocene marine strara near Santa Paula, California (fig. 1) exceeding 6,200
meters in thickness. When these Pliocene-Pleistocene deposits are added to the
adjacent sequence of upper Cretaceous through Miocene strata exposed in the
adjacent Santa Ynez Mountains (fig. 1) the total stratigraphic thickness exceeds
18,000 meters representing the combined product of major tectonic episodes of
rapid subsidence and sedimentation along this portion of the California margin
(fig. 2).

The Ventura Basin has undergone unusually detailed geologic scrutiny over
the past half century in conjunction with intense exploration and production of
petroleum. Thus, abundant subsurface as well as surface geologic and
paleontologic data present an almost laboratory-like setting in which to
reconstruct the history of this marginal basin. In fact, the use of fossil
foraminifers for paleoenvironmental analysis was pioneered within Pliocene-
Pleistocene sediments of the Ventura Basin by Natland (1933). The same area
also served as a principal testing ground for early notions regarding turbidite
sedimentation and associated displaced shallow-water faunas (Natland and
Kuenen, 1951). Emery (1960) and others have discussed the similarity in
sedimentologic patterns in the modern nearshore basins of the southern Cali-
fornia Continental Borderland and those in the now filled Los Angeles and
Ventura basins. More recent tectonic, paleobathymetric, paleomagnetic, and
radiometric age analyses have demonstrated that significant portions of the
Ventura Basin sequence are much younger than expected in turn demanding much
higher rates of subsidence and sediment accumulation than heretofore assumed
(Yeats, 1977; Ingle, in press). For example, Yeats (1977) estimates that the
basin subsided at rates of up to 9.5 mm/yr until about 0.6 million years ago when
subsidence ceased; since then the north margin of the basin has apparently been
rising at an average rate of 10 mm/yr. Similar accelerated rates are presented
by Ingle (in press) as illustrated on figure 2. In short, the Ventura Basin
constitutes a premier area in which to study the character of lithofacies and
biofacies changes in an ecologically, climatically, and tectonically dynamic

37



"diag pLats piLL 399foud
dJ91 40 93In04 OM} Aep pue BLUJOSL|B) UJBYINOS JO SEB3JR ULSeg BJUNJUBA
pue S|[LH uoLSSL @yl uL 7/ ybnouyy | sdoi3s bBulmoys dew uoljedso] | ¥J4nbL4

WY Ol
(A0 ONOD3S) @ L
d0LS dI¥l 41314 m_.__zoﬂ _m

NAITVH

olo

V.INVS

- .d_::\:s :\\\:\\
by ' \\\.\ 2 v t:\:. :.:1, rV
%, ‘m,g\ N\ NOISSIH xg71vA F e 2 Q4VNXO0 »
" 0onauE S W | oauviizs : e «»

Nvs

ER NOANYD W02TvE

’ 7
2 ) -
::.:: Vigpy
~\\

‘n, OUNYNY34 NYS

Tire ", 0\
" . . VINLNIA /o
\S::Q.: ,.. SNIV.INOON :::\.\n 33
survamaon VAVSAS  VINVS ! I\, amy
3 v S )
TATYITH NVS | 4o m%Hm x o R X
.._:_ \ o , s, ", iy . " o\ 3 H_ZDOS N -
N u_pquzmz ’ ¥ Porgarte ittt ANt O ..__ \\\ < ZH< _\HDW 10 -
S o Y, 1 1 ° " .._.a AUOWTTIA o.. \& Nu ") mDmm., E:/_ o al In
snony % , MId ™ ;) Shifua Vo
..1 yort?? \C\\ vS wn “\:%. d m: o 14 i @\ N o /,,455
TR \V\\\ :sazr 1100, 1¥00 e .
¢ TNOT4
VNOTAd VHHAIS
\\n\ SNIVINAOW VdOLVdOL SNIV.INION
iy,

/ ZHNE  VINVS

5%



*(ssaud uL) a|bur wouy
st auanbry sty “(z961) @1Bul pue ‘(1G61) uauany pue pue|yeN ‘(/G61 ‘2G6L ‘€€61) PUR[IBN AQ S3LuUn asayl wody
palJodad BJa4LULWRAO DLUOYIUS] JO SLSA|eue SaldejoLq Uo paseq sL AdrswAyjeqosled psjewllsy -(9/6l) SIS
pue aiyoe|g jo ejep orjaubewoajed ayy pue (G/6|) AI9UL3IS pue Jldols|ja0og pue (y/61) YdLAopedqQ pue ‘JasaeN
“919z1 Aq pajJdodad sabe oeuy uolssi) sajedoduodsul AydeuabBryeazsouody) -(ssadd uL) s|bur Aq peajuasaud
SUOL1e|3440D 3yl Bulmo| o) awLy UL JLUN ydEd JO UOLJRUNP PIJBWLYSS JO SWJd) Ul A[3jeudal|e pue uoLewJol
yoea jJo ssauyoLlyy otydeubriedls wnwixew jo swud} ul pajyord st AujswAyzeqosjed qeyy 830N erudojL[e)
‘Uiseg BUNIUBA UUDYSBM By} Jo sipisodap auaboay uLyjlLm SjuswuodsiAudoajed autdew pue AujswAyjeqosjed -z d4nbiy

SH3LIN
SSINNIIHL .
JIHavHOILYHIS TON 3ONVY 3OV ° tzfm._._u%n_u_!n_uwu«u»w 0ofEoopz  o9f1 oo %g¢ 2
Q3LYNILST 40 SWH3L NI 034107d s ‘11371) AW 24 30 3uva »Lm _ c
(SS3y49 N1 SSINUINL JHAVHOILYBLS $41S0430 T °
SIVIA ONV 3140VTIR 40 SISATYNY WONIXYW 30 SWH3L NI 03110763 AVIANTIY 3dS3s r
OVYWO3 V4 ONY NOILVINIWIGIS 30 3NIBYIN-NON T|—
3ivH 031v10dVHIX3 NO 03SV8 AN3S3IY¥d IHL m o
AW 81 40 AYYONNOB 15374/ 0_410 340430 Syv3IA 40 MZO_._J_}— + " |-
vEoLLN |SOuanovA NVRRIOW3Z) ™| | ez
AW/S¥3LIN SH313N dgks = —— ﬁ I
00_0N Do,o_ OO,Q, Omn o OO_ﬁN OO_ON OOVoV OANO. Oﬁn P Iﬂl \\ Og.nwll —| m w
" c -nlv 34078 \\\ |=="=| NOINI¥ |\yi530mvs =
SOY3NOVA| = = o
v|= — —| 2
“ oL 117 NVIHON 37 @ lr / T == HRER] o Sl
-473HS _ ey (NVIZN 38— \m |
! k —— — / NivId NiSvE = =={xawanon|[ NVISIAT| = Z
/ \ 2180HIYNY e =]
r-- E< NVINHOW |- —|m|-soi
i s pd = — ¢
P —~ | [ NviL |® f
l s ~ Loz - o c0otce | VLVOMTH [P Gt
! / NODNIY o / MO39 NIV NISYE — _—! V1INVS -
( 3907 / Nvis3onvs| € \ wassss wws o7 = —®
| 3|z it = 7o
3 el
| / \ NvAaY = = NVILLd3E| |~
| _ SUS0430 Nv4 ¥3LNO == ==
L | —_— \ 3807831NI 8 ONOD —
| — ] 774 - TINNYHD |— —— —]
o \ = = w
__ NVIZIT38— 4 b6 \ 000’1 .- NV I8NLINIA Blm
- ] \ =™
‘ voism|Z| T \ m
_ olz / $1150d30 021d
— e HNVEHIAC
I & im \ s
| A383 INOW m \  Nwavhens .
v - \ 4 N S
N o geloTe
218083V NY | ﬁo_ \ bt “”I.j -43133HM
———|son00 1t -
| NVINHOW \ == s 5
| $ \ — |0l ,,
/ ™ \ = m|~
m \ — 2 m
30N301S8NS \\ - 2 34078 \ =] -
—_—— == 7
JI /7 // %'1.“# vyveyvs | — — -
I S 000§ {— ———
NOILVINIWIG3S ! amga |/ vUTOHVAl —==| wnws - o
] NIV1g \ = NVITIVYH clo
/ | Nisve VANVS | -NOWD3Q| —— — _1%Im
! T _ | _"|ond T 32
T ~ 7 1343y FRECH — m
| 3d01S 4O ~ : —vEoL11n o — .0¥a3d oM
3Sve 8 NY ~- 0901d 7 LN3A . el NVS
L4 b T~ \.q_,_ ﬁﬂu J~| B /evs0d
I vavesga| -133HM|- A
q ors TN i /NYITIVH 15 INIBVA - NON ity $01
— 1 -vH0i41) . /0803d NVS o . . . 13340 = o
0004 OOAOw OD_Om O0.0Q OmﬂOa O%ON OOAO_ 0008 Om-Qw OOWQ 0002 o 0008 0009 000t 0002 o
AW/1334 1334 1334
30N3QIs8ns B AY13IWAHLYEO03Vd nZO_._.qszu 39V1S S3¥3S (d'8AW) AYLINAHLYE03TIVd ‘HOIHL .I._._n_nzo_._.<!mOu 39V1S S31M3S _A d 8A'NW)
NOILVIN3WIQ3S 30 S3Lvy /HI0d3 ELN /H20d3 3NIL
L3
VINYO4ITIVD 'V3HV VHNLN3A
.




area. In addition, the unusually high rates of sediment accumulation have
expanded Pliocene-Pleistocene paleontologic trends in a manner that allows
unusually detailed analysis where faunas are well preserved. This portion of
the IGCP Project 114 field trip will focus on paleontologic and sedimentologic
trends within the excellent exposures of the Pliocene-Pleistocene Pico and San
Pedro formations in Balcom Canyon in the South Mountain area of the western
Ventura Basin (figs. 3-6).

Neogene marine history in the Ventura Basin begins with initial subsidence
and transgression in late Oligocene time coincident with initiation of marginal
basin formation elsewhere along the Pacific coast of North America and the
Pacific rim in general (Ingle, 1973). This major tectonic event was apparently
induced by the collision and migration of ridge segments along the western edge
of the North American plate, the birth of the San Andreas transform and
associated translation tectonic deformation of this region (Atwater, 1970;
Snyder, Dickinson, and Silberman, 1976).

Paleobathymetric analyses of the Ventura Basin sequence (Bandy, 1953;
Ingle, in press) demonstrate that subsidence of the east-west basin outpaced
rate of sediment accumulation during the early Miocene with accompanying
formation of silled basins containing oxygen deficient water allowing formation
of laminated diatomaceous silts of the Monterey (Modelo) Shale similar to
somewhat later events in the adjacent Los Angeles Basin (fig. 2) as reviewed in
the San Joaquin Hills-Newport Bay areas (Ingie and Barron, this volume).
Maximum point of basin subsidence occurred during late Miocene deposition of
radiolarian-rich muds of the Santa Margarita Formation deposited below the local
lysocline and(or) calcium carbonate compensation depths (fig. 2). Major wedges
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Figure 3. Geologic sketch map of the South Mountain area and Balcom Canyon,
Ventura Basin, California. Schematic cross section A-A' is shown on figure
4. See figure 2 for the ages of formations shown on this map; geology
modified from Jennings and Troxel (1954).
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of coarse terrigenous clastics appear in early Pliocene time representing
coalescing submarine fans which advanced from east to west and entered the basin
from canyons on the northern and southern margins of the trough (fig. 2). These
latter sediments, commonly assigned to the Pico Formation (includes Repetto
Formation of some authors), rapidly filled the basin brim full during latest
Pleistocene time as accumulation rate exceeded rate of subsidence (fig. 2).

A number of important papers detail aspects of the geology of the Ventura
Basin, however, the guidebook by Jennings and Troxel (1954) offers a particu-
larly Tlucid introduction accompanied by geologic route maps. While ages,
paleoenvironmental analyses, and tectonic interpretations of formational units
have changed since this latter paper was published the basic geologic framework
remains intact. For more recent views on the remarkable tectonic history of the
basin the reader is referred to papers by Yeats (1976, 1977).

Biostratigraphy of the Neogene marine sediments of the Ventura Basin
continues to be based principally on benthonic Foraminifera with the type areas
of Natland's (1952, 1957) Venturian, Wheelerian, and Hallian Stages located
along the north flank of the basin. However, Natland (1952) and others (Bandy,
1953; Bandy and Wilcoxon, 1970; Ingle, 1967) have noted that appearances of
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1954).
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faunas indicative of these stages are commonly controlled by tectonic and
sedimentologic history of a given portion of the basin and consequently display
pronounced time transgression away from their type areas principally in an east-
west direction (Holman, 1958). Analyses of planktonic Foraminifera and
calcareous nannofossils in Pliocene and Pleistocene sediments assigned to the
Pico, Santa Barbara, and San Pedro Formations (Ingle, 1967; Bandy and Wilcoxon,
1970) also demonstrate this relationship. However, the dominantly subarctic to
temperate character of planktonic biofacies within these same sediments
dictates only sporadic occurrences of warmer water indices resulting in
imprecise placement of the standard Neogene zonal boundaries (fig. 5). This
difficulty has been overcome in part through correlation of paleontologically
identifiable paleoclimatic events within the California Current province
(Ingle, 1977) along with important fission track ages within the Balcom Canyon
section (Boellstorff and Steineck, 1976) and recent identification of major
paleomagnetic events within Pliocene-Pleistocene strata of the South Mountain
area (Blackie and Yeats, 1977).

FIELD TRIP ROUTE

Stop 1 on day two of the IGCP Project 114 field trip is located at the
Mission Hills sequence of San Fernando Valley (fig. 1) as discussed by Barron
and Ingle (this volume). After leaving the Mission Hills participants travel
north on Freeway 5 to Castaic Junction passing through upper Miocene and
Pliocene sediments of the eastern Ventura Basin. Turning left at the inter-
section of Freeway 5 and State Highway 126 travel west along the Santa Clara
River Valley which marks the axis of the Ventura Basin (figs. 1 and 3). As noted
by Jennings and Troxel (1954) seven en-echelon anticlines form an east-west
chain of structures within the Ventura Basin extending for 32 km (20 miles) west
along the Oak Ridge uplift which 1ies south of the Santa Clara River and highway
126 (figs. 1 and 4). The anticlines, from east to west, are named the Oak Ridge,
Wiley, Shiells, Bardsdale, South Mountain, and West Mountain--all but Wiley are
productive. A north-south schematic cross section across the Santa Clara River
Valley at Santa Paula illustrates the relationship of these South Mountain
structures to the Oak Ridge fault (fig. 4). Approaching the town of Fillmore
from the east South Mountain forms a ridge to the southwest; turn south off
highway 126 onto Bardsdale Avenue within Fillmore (fig. 1) then west (left) onto
Sespe Street. Travel 0.8 km (0.5 mile) then turn right onto South Mountain;
travel 4 km (2.5 miles) and turn left onto Balcom Canyon Road passing into a
sequence of north-dipping upper Miocene Monterey (Modelo) shales for 1.6 km (1
mile) to Stop 2 (figs. 1, 3, and 5). A stratigraphic column representing the
Balcom Canyon section is presented on figure 5.

STOP 2 - The Monterey Shale (Modelo Formation of some authors) at this Tocation
contains an upper Mohnian benthonic foraminiferal fauna along with abundant
radiolarian tests indicating deposition at middle bathyal water depths.
Volcanic ash beds are also present along with several sandstone dikes.

Travel south on Balcom Canyon Road for 0.8 km (0.5 mile) to Stop 3.
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Figure 5. Composite stratigraphic column for the Balcom Canyon area, Ventura
County, California, showing the position of field stops 2 through 6 in
circles; modified from Yeats (1967).
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Figure 6. Detailed biostratigraphy, planktonic foraminiferal trends, selected
ranges of planktonic Foraminifera and calcareous nannoplankton, and
paleobathymetry of the Pliocene and Pleistocene Pico and San Pedro
Formations in Balcom Canyon, Ventura County, California. Modified from
Ingle (1967) and Bandy and Wilcoxon (1970).

STOP 3 - This location sits astride the Monterey Shale/Pico Formation (Repetto
Formation of some authors) contact. The Monterey Shale is unconformably
overlain by gray glauconitic sandstones of the Pico unit (fig. 5). Lower
bathyal Repettian benthonic Foraminifera including Bulimina rostrata and
spinose and hispid species of Uvigerina are present in these beds along with
displaced shallow-water elements. Significantly, diatom floras in the upper-
most Monterey Shale in this sequence contain Thalassiosira oestrupii (J. A.
Barron, personal commun., 1978) indicating this portion of the Monterey Shale is
no older than early Pliocene in age contrary to the upper Miocene age commonly
applied to these rocks.
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Travel south 0.8 km (0.5 mile) to the intersection of Balcom Canyon Road at
the Shell 011 Company base road (figs. 3 and 4) and park at Stop 4.

STOP 4 - Upper Pliocene(?) turbidite sands are well displayed within roadcuts at
this location. Abundant to common bathyal and middle bathyal Foraminifera are
present in these sediments and contain Bolivina spissa (fig. 6). Displaced
shallow-water molluscan specimens are also present in these beds which along
with sedimentary structures indicate downslope transport. Foraminifera from
the basal layers cof graded sands in this sequence are commonly dominated by
displaced neritic species with finer grained sediments in the tops of these
bedding units containing in situ middle and upper bathyal species (Ingle, 1967).

Travel south and uphill for about 0.2 km (0.1 mile) to Stop 5.

STOP 5 - A prominent white volcanic ash, termed the Bailey Ash, is present in
Pico siltstones at this lTocality. This key Tithologic marker bed has been dated
by use of fission tracks as 1.2-0.2 m.y. old (Izett, Naeser, and Obradovich,
1974; Boellstorff and Steineck, 1975). Enclosing strata contain well-preserved
upper bathyal Wheelerian benthic foraminiferal assemblages indicative of
deposition on the shoaling Pliocene-Pleistocene slope.

Cool temperate and subarctic Pliocene-Pleistocene Foraminifera dominated
by Neogloboquadrina pachyderma occur throughout the upper Pico sequence (fig.
5). 0f special significance is the occurrence of rare specimens of Globorotalia
truncatulinoides and G. tosaensis in sediments immediately below the Bailey Ash
(fig. 5) suggesting the Pliocene-Pleistocene zone N21/22 boundary is present
within this interval. This placement of the Pliocene-Pleistocene boundary is
also corroborated by the paleomagnetic work in correlative sediments
immediately west of Balcom Canyon where the Jaramillo and Olduvai events were
recognized in the Saticoy oil field (Blackie and Yeats, 1976). In addition,
Bandy and Wilcoxon (1970) note the discoaster extinction datum just below the
Bailey Ash (fig. 5) adding to the evidence for placement of the Pliocene-
Pleistocene in the vicinity of the Bailey Ash, a point well below the placement
of the provincial Pliocene/Pleistocene boundary at the base of the Hallian Stage
(fig. 5).

Continue south and uphill for a distance of 0.8 km (0.5 mile) past the
basal conglomeratic sands of the Pleistocene San Pedro Formation to Stop 6 at
the top of the Balcom Canyon grade.

STOP 6 - Overview of the Balcom Canyon section (figs. 1 and 3). The San Pedro
beds at this location contain neritic mollusks as well as Foraminifera indica-
tive of a shelf environment and the Hallian Stage (fig. 5). Water depths
shoaled to less than 100 meters during this phase of the Pleistocene. One of the
more interesting trends displayed with this portion of the Balcom Canyon section
is the reduction in abundance and diversity of planktonic Foraminifera across
the shelf-slope transition identical to patterns seen across the modern shelf
of f southern California (Ingle, 1967).
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A rather complex series of Pliocene-Pleistocene climatic events is re-
corded in the Pico Formation at Balcom Canyon by significant changes in the
coiling patterns of Neogloboquadrina pachyderma with exclusively sinistral
subarctic populations present near the Pliocene/Pleistocene boundary similar to
patterns associated with this boundary elsewhere in the North Pacific (Ingle,
1977).

STOP 7 - If time permits, participants will retrace the field trip route north
down Balcom Canyon and travel northwest to the adjacent town of Santa Paula
(fig. 1). We will then turn north on Highway 150 (to 0jai) from the center of
Santa Paula and travel up Santa Paula Creek (site of the classic Natland and
Kuenen turbidite study) then east between the San Cayetano thrust and Susan
fault (fig. 4) to a point 10.7 km (7.5 miles) at Santa Paula where large natural
0i1 seeps are present in Monterey siliceous shales adjacent ot Highway 150 and
the historic 0jai oilfield discovered in 1885.
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NEOGENE BIOSTRATIGRAPHY OF THE INDIAN CREEK-SHELL CREEK AREA,
NORTHERN LA PANZA RANGE, CALIFORNIA

By W. 0. Addicott, R. Z. Poore, J. A. Barron, H. D. Gower,

and Kristin McDougall

A sequence of marine sandstone, shale, and siltstone with minor amounts of
diatomite, phosphorite, tuff, and conglomerate is exposed along the northern
margin of the La Panza Range, San Luis Obispo County, California (fig. 1). The
transition from nonmarine 0ligocene clastic rocks through marine sandstone of
the Vaqueros Formation and shales of the Monterey Formation to shoreline
sandstone of the Santa Margarita Formation represents a depositional cycle
typical of the Miocene of the central California Coast Ranges and the Great
Valley, to the east. New planktic microfossil and molluscan data from this area
can be interrelated with the benthic foraminifer stage sequence of California.
These new microfossil data permit correlation of the type section of the Luisian
Stage of the California Miocene with oceanic planktic chronologies.

The northern La Panza Range has long been recognized as an excellent
reference section for biostratigraphic characterization of parts of the Miocene
series in California (Anderson and Martin, 1914). The upper 275 m of the
Sandholdt Member of the Monterey Formation in this area forms the type section
for the benthic Luisian Stage of Kleinpell (1938). Bivalves and gastropods of
the stratigraphically lower Saltos Shale Member of the Monterey Formation and
the stratigraphically higher Santa Margarita Sandstone are especially
representative of the "Temblor" and '"Margaritan" molluscan Stages.
Nevertheless, only an early reconnaissance study of "Temblor" Stage mollusks
(Anderson and Martin, 1914) and brief accounts of microfossils of the Luisian
Stage along Quailwater Creek (Cushman, 1926) and Indian Creek (Smith, 1968;
Lipps, 1967) have been published.

Miocene formations are exposed in a north-northwest dipping homoclinal
structure (the Highland Monocline of Kleinpell, 1938) that extends some 20 km
along the margin of the granitic core of the La Panza Range (fig. 1). These
outcrops are bordered on the west by Huerhuero Creek and on the east by Cammatta
Creek. The marine section is bounded by Oligocene terrestrial fanglomerate
below and by nonmarine gravels and conglomerates of Pliocene and Pleistocene age
above.

Geologic maps of the Indian Creek and Shell Creek areas (figs. 2 and 3) are
based largely on work by Gower.
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TERTIARY

CRETACEOUS .

_| Holocene Qa
| Alluvial deposits
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Pliocene
and L
Miocene [ Paso Robles Formation
Tsmu
Santa Margarita Formation,
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Tsml
Santa Margarita Formation,
lower part
Tmh2
Hames Member (diatomite) of
Monterey Formation
2
g 4 Tmh1
2
i = Hames Member (porcelanite and phos-
phorite) of Monterey Formation
Tms
Sandholdt Member of Monterey Formation
Tma

Formation

Tvp

Vaqueros Formation

0Tigocene
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1

Ts

f

Simmler Formation

OTigocene(?)

gr

Granitic rocks

Explanation of map units and

Saltos Shale Member of Monterey

Painted Rock Sandstone Member of

Contact
Dashed where approximately located,
dotted where concealed.

Fault
Dashed where approximately located,
dotted where cqpcea]ed.

v
Anticline
Showing trace of axial surface.
4

%
Syncline

Showing trace of axial surface.
_

Strike and dip of inclined bed

x Mf1180
Microfossil locality, USGS Menlo Park
locality number.

x RZP-1
Microfossil locality, Poore
field number

x M2859
Macrofossil locality, USGS
Menlo Park Tocality number
SCALE: 1:24,000
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0 1 Kilometer
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Figure Figure

Source of geology: 1) H. D. Gower,
unpublished; 2) T.W. Dibblee (1971,
1973a); 3) D.L. Durham, unpublished.

geologic map symbols used in figures 2 and 3
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PROVINCIAL STAGE FORMATION AND DESCRIPTION
SERIES LITHOLOGY Fossil localities: Mf - microfossil, M - macrofossil,
BENTHIC N (Mf - projected into section).
FORAMINIFERAL HOLLUSCAM
PASO ROBLES FORMATION
Fluvial conglomerate and poorly sorted, locally crossbedded
sandstone. Pebbles and cobbles mostly of silicic basement,
PLIOCENE Tocally abundant porcelanite clasts. Unique marine tongue
’ M2859 occurs 15 km to the west (Addicott and Galehouse, 1973).
M3730
M5034 »
M2397 UNCONFORMITY
* L M5030 SANTA MARGARITA FORMATION
”gggg Upper part: massive coarse-grained sandstone with
ﬁ287° Crassostrea-Balanus-Lyropecten biostromes at base overlain
}'O3§ by soft, sugary sandstone with Astrodapsis. White clayey
;389 sandstone at top with abundant molTlusks.
. _M2835 _ R . _
MOHNTIAN "MARGARITAN" Lower part: sandstone, locally silty and clayey with a
6-11 m tuff bed 16 m above base and 21 m bentonite at
top. Several beds of bivalves on Quailwater Creek.
M3568
M3098
M1586 HAMES MEMBER OF THE MONTEREY FORMATION
H;ggg Porcelanous shale with pelletal phosphorite beds (20 m)
ME1780 overlain by siliceous and diatomaceous shales and tuff.
RZP-4
Mf1183
LOCERE RZP-3
HIOCEN LUISIAN SAUDHOLDT MEMBER OF THE MONTEREY FORMATION
-
{Mf1135) Calcareous shaly siltstone with nodular phosphate near top
— Yf1181 and claystone. Foraminifers abundant, locally forming
(11187} 50 percent or more of the sediment.
(11£1186)
" " RZP-2
TEMBLOR MF1182
RELIZIAN
(Mf1188)
=7 ,Rg];
J7?6? SALTOS SHALE MEMBER OF THE MONTEREY FORMATION
o Fine- to very fine grained, locally shaly sandstone and
#3814 sandy siltstone with fossiliferous concretions {= Tierra
. Redonda Formation of Durham (1968)].
17269
SAUCESIAN L?_?_?_?_"?_
P e e 400+
PAINTED ROCK SANDSTONE MEMBER OF THE VAQUEROS FORMATION
. . Massive, grayish-white-weathering, coarse-grained sand-
YAQUERDS 3004 stone. Locally crossbedded and conglomeratic. Contains
— 7 — 2 scattered Vaquerosella norrisi (Pack) near top.
200
OLIGOCENE
SIMMLER FORMATION
ZEVORRIAN LIALL | N )
SUNAMED '“:"ébéifb' 100 Grayish-green and reddish fanglomerate and rudely
{Ahd' tt, 1973) i§b° e bedded conglomeratic, arkosic sandstone (cormonly
teott, 0, z;ggcl called "granite wash"). HNonmarine
o Ometers
UNCONFORMITY
GRANITIC ROCK
CRETACEQUS Commonly biotitic granodiorite with aplite and pegmatite
dikes. Potassium argon ages: 62.8%1.9 m.y., 54.54#2.5
m.y., 72 3#2.2 m.y., and 80.2 m.y. (Hart, 1976).

Figure 4. Composite stratigraphic section from the Indian Creek and Shell Creek
area, northern La Panza Range, California.
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The Sandholdt Member of the Monterey Formation consists of about 425 m of
calcareous shale and shaly siltstone with abundant foraminifers. As originally
defined in the northwest part of the Salinas basin (Thorup, 1943) this unit
directly overlies the Vaqueros Formation and contains some sandy siltstone and
concretionary beds in its lower part. The name Sandholdt is here applied to
that part of the Monterey Formation that conformably overlies the very fine
grained, fossiliferous sandstone of the Saltos Shale Member. Benthic
foraminifers from this unit are referable to the Relizian and Luisian Stages of
the California microfaunal sequence (Kleinpell, 1938; Smith, 1968, Table 2).
Kleinpell (1938) designated a type section for the Luisian Stage in the south
1imb of a syncline Tlocated about 8 km west of Wilson Corner (fig. 1), but
foraminifers from this section were not studied. The faunal characterization of
the Luisian Stage was based in part on foraminifers from exposures along
Quailwater Creek (Cushman, 1926) about 3 km west of Wilson Corner (fig. 1) and
the primary faunal data used to define and recognize the Luisian Stage were
derived from the benthic foraminifer assemblages of the type Luisian Zones in
Reliz Canyon, 140 km to the northwest.

The Relizian/Luisian boundary is recognized in samples from the Sandholdt
Member in the type Luisian section (sec. 21, T. 28 S., R. 14 E.) and in road cuts
southwest of Wilson Corner (fig. 1). This boundary is marked by the last
appearance of Relizian species in or before sample Mf1182. These species
include Cibicides americanus, Elphidium granti, Lenticulina cf. L. miocenica
(L. miocenica with raised sutures), and Uvigerinella obesa impolita. The
Luisian Stage is characterized by the first appearances of Lenticulina reedi, L.
smileyi, and Valvulineria californica near this boundary. Also diagnostic of
this stage are species listed in figure 6. The Jlower-middle Luisian
"Valvulineria flood =zone" (abundant specimens of Valvulineria californica
obesa) occurs in samples Mf1187 and Mf1185. Above this, typical Luisian benthic
foraminiferal species appear less frequently because of poor preservation. The
upper Luisian is marked by the presence of Uvigerina joaquinensis (RZP-4) and
the reported occurrence of Concavella gyroidinaformis (= Pulvinulinella
gyroidinaformis) by Smith (1968). The Luisian/Mohnian boundary is not recorded
in these assemblages.

The type Luisian Stage assemblages are indicative of the upper bathyal zone
(Ingle, 1973). These faunas are dominated by species of the genera
Valvulineria, Bolivina (striated), and Fursenkoina. The lower samples (RZP-1,
Mf1188, and Mf1182) contain rare, probably transported shelf species of the
genera Elphidium, Cibicides, and Nonjonella. Samples Mf1186-Mf1185 contain
rare, middle and lower bathyal species of Gyroidina, Stilostomella, and Bulimina
rostrata. Also Bolivina tumida is recorded from these samples suggesting the
possibility of lowered oxygen conditions. The upper samples indicate slightly
shallower water depths but are still within the upper bathyal zone. Younger
assemblages from strata here assigned to the Hames Member identified by Smith
(1968) do indicate neritic water depths (< 200 m).
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Table 1.

Range

Selected macrofossils from Miocene formations of the northern La Panza

SPECIES

FORMATIONS AND LOCALITIES

MOLLUSCAN STAGE

x
!

present as identified

similar form, poor preservation

highest stratigraphic occurrence
in this stage

lowest stratigraphic occurrence
in this stage

restricted to this stage

O
! ]

Monterey
Formation

Santa Margarita
Formation

M7260
M2862
M3813
M3814
M1680

M3568
M2895
M2879
M5029
M2896
M5030
M2897
12859

"TEMBLOR"

Turricula piercei (Anderson and Martin)*

Panopea abrupta (Conrad)H

Tellina piercei (Arnold)

Solecurtus gabbianus (Anderson and Martin)H

Neverita andersoni (Clark)

Crepidula princeps Conrad

Yoldia supramontereyensis Arno]dL

Tellina wilsoni Anderson and Martin*

Dosinia margaritana projecta Loel and CoreyH

Turritella moodyi Merriam* H
Scaphander jugularis (Conrad)

Turricula piercei Arnold*

Trophosycon kernianum (Cooper)

Trophon kernensis Andersgn

Terebra cooperi Anderson

OTliva californica Anderson

Nassarius arnoldi (Anderson)*

Megasurcula keepi (Arnold)*

Crepidula rostralis Conrad*

Bulla cantuaensis Anderson and, Martin

Bruclarkia barkeriana (Cooper)H

Cancellaria posunculensis, Anderson and Martin?

Tresus nuttallii (Conrad)™

Spisula albaria (Conrad)

Macoma arctata (Conrad)

Leptopecten andersoni (Arnoﬁd)*

Dosinia margaritana Wiedey

Chione temblorensis (Anderson)

Turricula ochsneri (Anderson and Martin)H
Turritella temblorensis Nﬁedey

Turritella ocoyana Conra

Conus owenianus Anderson

Antillophos posunculensis (Anderson and

Martin)

X X X X X
X X X
X X X X X x x x x x |Shel]l Creek

X X X X X X X X X X O X X X X
X X X X X X

O
XX X X X X X X

>

XX X OO0 X XX XO
x

x

bad

>
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Table 1. Selected macrofossils from Miocene formations of the northern La Panza
Range--continued

SPECIES FORMATIONS AND LOCALITIES

x
1

present as identified Monterey Santa Margarita
similar form, poor preservation Formation Formation

O
]

I
1

highest stratigraphic occurrence
in this stage

lowest stratigraphic occurrence
in this stage

restricted to this stage

—
t

MOLLUSCAN STAGE
She1l Creek

M7260
M2862
M3813
M3814
M1680
M3568
M2895
M2879
115029
M2896
M5030
M2897
M2859

Ostrea vespertina ConradL

Cardita n. sp. aff C. affinis (Sowerby)*

Macoma andersoni Clark*

"Tellina" diabloensis Cla[k*

Protothaca staleyi TGabb)H

Astraea bjangulata (Gabb)

Cerithium cf. C. uncinatum (Gmelin

Crepidula adunca Sowerby

Trochita spirata (Forbes) L

Nassarius cf. N. iniquus (Etewart)

Olivella biplicata Sowerby

Turritella carrisaensis (Anderson and
Martin)*

Astrodapsis davisi Grant and Eaton*

Lyropecten estrellanus (Conrad)

Hinnites giganteus (Gray)

Astrodapsis tumidus Remond*

Astrodapsis whitneyi Remond* X

Tegula varistriata Nomland* (loc. M2878)

Lima vedderi Moore* X

Forreria carisaensis (Andenson and Martin)* X

Crassostrea titan (Conrad) H

Lyropecten crassicardo (Conr?d) )

Nassarius cf. N. Qab1oensié Clark)*

Macoma indentata Carpenter

Macoma inquinata (Deshayes)

Macoma secta (Conrad)

Tellina congesta Conrad* X

Leptopecten discus (Conrad)* X

Anadara obispoana (Conrad) X

)L

X X X X X X X X X X X

bl

x X

> x

>
x

"MARGARITAN"

by
xX X X
x X

>xX X X X

x

Selected macrofossils from Miocene formations of the northern La Panza
Range exposed between Shell Creek and Quailwater Creek. Descriptions of
lTocalities, including those not shown on geologic maps, are available at
the U.S. Geological Survey, Menlo Park, Calif.
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Plate 1

Some characteristic mollusks from the Saltos Shale and Hames Members of

Figures

1.

12.

13.
14.
15.
16.
17.
18.

19.
20.

the Monterey Formation

Macoma arctata (Conrad). USNM 254350, USGS loc. M2044, Hames
Member of the Monterey Formation.

Tellina congesta Conrad. USNM 254351, USGS Tloc. M1680, Hames
Member of the Monterey Formation.

Anadara obispoana (Conrad). USNM 254352, USGS loc. M1680, Hames
Member of the Monterey Formation.

Turricula piercei (Arnold). USNM 254353, USGS loc. M2862.

Yoldia supramontereyensis Arnold. USNM 254354, USGS loc. M2044,
Hames Member of the Monterey Formation.

Tellina piercei (Arnold). USNM 254355, USGS loc. M2869.

Trophosycon kernianum (Cooper). USNM 254356, USGS loc. M2862.

Scaphander jugularis (Conrad). USNM 254357, USGS loc. M5026.

Leptooecten andersoni (Arnold). USNM 254358, USGS loc. M5026.

o W o N O

Antillophos posunculensis (Anderson and Martin). USNM 254359,
USGS loc. M3814.

Conus owenianus Anderson. USNM 254360, USGS loc. M2862.

Turricula wilsoni {Anderson and Martin). USNM 254361, USGS loc.
M2869.

Bruclarkia barkeriana (Cooper). USNM 254362, USGS Toc. M5026.
Turritella temblorensis Wiedey. USNM 254363, USGS loc. M2869.

Dosinia merriami Clark. USNM 254364, USGS loc. M5025.

Macoma arctata (Conrad). USNM 254365, USGS loc. M3814.

Turritella ocoyana Conrad. USNM 254366, USGS loc. M3814.

Cancellaria posunculensis Anderson and Martin. USNM 254367, USGS
loc. M2868.

Leptopecten andersoni (Arnold). USNM 254368, USGS loc. M5026.

Dosinia margaritana projecta Loel and Corey. USNM 254369, USGS
loc. M5025.
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Table 2. Benthic foraminifers from the Sandholdt Member of the Monterey Formation.

SPECIES LOCALITY .

A, abundant; C, common;
F, few; R, rare
?, questionable occurrence

Mf1186
Mf1187
Mf1185
RZP-3

Mf1183
RZP-4

Mf1180

Bolivina advena

Bolivina marginata
Lenticulina cf. L. miocenica
Lenticulina reedi

Lenticulina smileyi
Nonjonella costifera
Plectofrondicularia miocenica
Uvigerinella californica
Uvigerinella obesa
Uvigerinella obesa impolita
Valvulineria costasensis
Baggina californica

Baggina robusta

Bolivina advena striatella
Bolivina californica -
Cancris sagra -
Cassidulina pulchella -
Cibicides americanus -
Elphidium granti -
Epistominella subperuviana -
Fursenkoina bramletti -
Globocassidulina subglobosa -
Gyroidina soldanii -
Lagena sp. -
Lenticulina mayi -
Marginulina beali -
Nodosaria sp. -
Orthomorphina rohri -
Pullenia multilobata -
Siphogenerina branneri -
Uvigerina cf. U. kernensis -
Valvulineria californica -
Valvulineria depressa -
Fursenkoina californiensis -
Bolivina salinasensis -
Valvulineria miocenica -
Anomalina salinasensis - - -
Baggina robusta globosa - - -
Bolivina marginata adelaidana - - -
Bolivina tumida - - -
Buliminella curta - - -
Buliminella subfusiformis - - -
Cassidulina crassa - - -
Dentalina obliqua - - -
Marginulina subbullata - - -
Nonionella miocenica - - -
Pullenia miocenica - - -
Stilostomella lepidula - - - -
Bulimina pseudotorta - - - -
Chilostomella ovoidea - - - -
Planularia sp. - - - -
Trifarina cf. T. occidentalis - - - - -
Valvulineria californiensis obesa - - - - -
BoTivina dunlapi - - -
Bulimina rostrata -
Frondicularia foliacea -
Marginulina dubia -
Bulimina ovula -
Uvigerina joaquinensis -
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Occurrence of selected planktic microfossils in samples from the type
section of the Luisian Stage and from the Sandholdt Member exposed along the
road southwest of Wilson Corner are shown 1in table 3. The nannofossil
assemblage from RZP-2 is referable to the Helicosphaera ampliaperta Zone and
nannofossil assemblages from Mf1186 through RZP-3 are referable to the
Sphenolithus heteromorphus Zone. Nannofossils from RZP-1 are too sparse for
reliable zone assignment and the assemblage from RZP-4 (a and b) could represent
the Sphenolithus heteromorphus Zone or the Discoaster exilis Zone. Planktic
foraminifers from samples up through RZP-3 (pls. 2 and 3) are indicative of
Zones N 7 through N 9 of Blow (1969). Following the correlation of nannofossil
and foraminifer zones of Ryan and others (1975), RZP-2 and Mf1186 are assigned
to Zone N 8 and the other samples to Zone N 9. Diatoms in Mf1186 and Mf1185 are
assigned to the Denticula lauta Zone. Koizumi (1977) estimates the upper
boundary of this zone to be 14.0 m.y. BP or within the middle part of the middle
Miocene of Ryan and others (1975). Annellus californicus Tempere, reported in
Mf1186, has a short range which encompasses the Orbulina Datum (the Zone
N 8 / Zone N 9 boundary) (Opdyke and others, 1974). Thus the diatom data from
samples Mf1186 and Mf1185 show close agreement with the stratigraphic assignment
suggested by the calcareous plankton.

Planktic zone assignments and position of the type Luisian Stage are shown
on figure 6. The base of the type Luisian 1is within the Helicosphaera
ampliaperta Zone and thus the base of the Luisian in its type area correlates
approximately with the base of the middle Miocene or Langhian (Ryan and others,
1975).

The highest part of the Monterey Formation in this area is included in the
Hames Member named by Durham (1974) for siliceous shale located along the west
side of the Salinas Valley about 65 km to the north. Near Wilson Corner, the
basal 21 m of the Hames Member consist of porcelaneous shale with several beds
of pelletal phosphorite and these phosphorite beds were used by Kleinpell (1938)
to define the upper 1imit of the Luisian Stage. The upper 24 m of the Hames
Member along Indian Creek consist of siliceous shale, diatomaceous shale, and
bentonite. The diatomaceous strata at the top of the Monterey Formation compare
closely, in lithology and stratigraphic position, to the Buttle Member (Mandra,
1960; Durham, 1968) of the western margin of the Salinas basin farther to the
north. Diatoms from the Indian Creek section are referable to the Denticula
hustedtii - D. lauta Zone of Koizumi (1975) and North Pacific Diatom Zone XIX as
used by Barron (1976) (table 3 and fig. 6). At Upper Newport Bay in southern
California, strata containing diatom assemblages of these zones are assigned to
the lower Mohnian Stage of Kleinpell (1938) (Barron, 1976). The upper siliceous
and diatomaceous part of the Monterey Formation in the Indian Creek area was
considered Mohnian in age by Kleinpell (1938, figs. 6, 14) presumably because of
its stratigraphic position above the type Luisian. Smith (1968), however,
assigned this part of the Monterey Formation to the Luisian Stage because of the
occurrence of Valvulineria californica Cushman, a form considered diagnostic of
the Luisian. This interpretation is based on a single sample (G194, Smith,
1968), which is Tlocated several miles west of the area considered and is
associated with a fault. Reexamination of the fauna indicates that it is
biostratigraphically and paleoecologically incompatible with faunas placed
stratigraphically adjacent to it. It is therefore probable that the sample is
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Table 3. Occurrence of selected planktic microfossils in the Sandholdt
Member of the Monterey Formation.

DO IZIOD w
NN ~h~-h~-h NN g
PP=Z=ZPP| 3
— N0 OO W ~
AN OY m —
o >
>
o (]
=
o
I x x 1+ xx 1 | Globigerina angustiumbilicata Bolli
1 x x x x x x | G. bulloides d'Orbigny (s.1.)
1 xxx 1 x 1 | G. obesa (Bol11)
1 x x xx x + | G. pseudociperoensis Blow
t % 1 1000 | G. woodi Jenkins
1 1+ x 1 x1 1 | Globigerinita glutinata (Egger)
1 xx 1 1 1 1 | Globigerinoides trilobus {(Reuss) (s.1.)
v v x 1+ 1 1 1 | Globoguadrina altispira (Cushman and Jarvis)

v 1+ 1 v 1 | Globorotalia aff. G. birnageae Blow

YIS INIWYYHO04 JTLANYd

x
1 x x x x xx | G. minutissima Bollj
v < v | G aff. G. peripheroronda Blow and Banner
1 x x> 1 x 1 | G. praescitula Blow
1 1 x x 1 x 1 | G. zealandica Hornibrook
1 % x 1 1 x x | Turborotalita quinqueloba (Natland) (s.1.)
x 1 x 1 x x x | Coccolithus miopelagicus Bukry o
x x> 1 x> | C. pelagicus (Wallich) Schiller o
1 x x 1 x x x | Cyclicargolithus floridanus (Roth and Hay) Bukry E
x xx 1 x 1t 1 | Discoaster deflandrei Bramlette and Riedel &
1 x x 1 xx 1 | D. exilis Martini and Bramlette g
1 < 1 1+ 1 1 1 | Helicosphaera ampliaperta Bramlette and Wilcoxon §
1 % x 1 x xx | H. carteri (Wallich) Kamptner §
1o X 1 | Sphenolithus heteromorphus Deflandre ~

1 1 x 1 x 1 + | Actinocyclus ingens Rattray
. . o w
v o 1 0 v 1 | Annellus californicus Tempere = | =
s . . . = | =
v 1 x 1+ v 11 | Coscinodiscus lewisianus Greville 213
1 1 x 1 x| Denticula lauta Bailey §
1 1 x 1 x 1+ 1 | Synedra jouseana Sheshukova-Poretzkaya Ei
1 1 x 1 x 1 1 | Corbisema triacantha (Ehrenberg) Hanna E%
m
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mislocated in the section or was mislabeled and is more appropriately placed
with the Tower Luisian samples. Benthic foraminifer assemblages were considered
by Smith (1968) to indicate deposition in depths of less than 45 m and
associated mollusks (USGS locs. M1680 and M2044) also suggest inner sublittoral
depths. A contrasting view is that the benthic foraminifers, and presumably the
mollusks, are displaced from shallow water and that the entire Hames Member of
this area represents depths of more than 1,000 m (Graham, 1976).

Conformably overlying the Monterey Formation is the Santa Margarita
Formation, a predominately shoreline to shallow subtidal deposit varying from
about 290 m to 425 m in thickness. A 6- to 10-m tuff bed occurs about 15 m above
the base of the formation. Unpublished research by D. L. Durham (written
commun., 1978) indicates that the Santa Margarita can be divided into two
members. The rather poorly exposed lower member comprises about two-thirds of
the thickness of the Santa Margarita. The top of this member is marked by a 21-m
siliceous shale in the area between Shell Creek and Indian Creek. The basal
part of the upper member consists of massive, coarse- to very coarse grained
sandstone that contains dense accumulations of the giant oyster Crassostrea
titan (Conrad), scattered echinoids with raised petals (Astrodapsis spp.), the
giant barnacle Balanus (Tamiosoma) gregarius (Conrad), and the giant scallop
Lyropecten crassicardo (Conrad) (pl. 4). This is a typical Santa Margarita
faunal assemblage; the concurrent ranges of these species is diagnostic of the
"Margaritan' Stage. Benthic foraminifers are of very shallow water aspect and
are referable to the middle to late Miocene Mohnian Stage (Kleinpell, 1938;
Smith, 1968).

Nonmarine cobble and pebble conglomerate and sandstone of the Paso Robles
Formation unconformably overlie the Santa Margarita Formation. Clasts in the
Quailwater Creek to Cammatta Creek area are dominantly of silicic basement rock
(Galehouse, 1967) although farther west the dominant clast 1lithology is
porcellanite. The Paso Robles is almost entirely a nonmarine unit although
reworked mollusks from the Santa Margarita Formation occur locally in the Paso
Robles. A small assemblage of autochthonous mollusks of Pliocene age occurs in
the lower part of the Paso Robles Formation about 15 to 20 km to the west of
Indian Creek (Addicott and Galehouse, 1973).
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Plate 2

Planktic foraminifers from the Sandholdt Member of the Monterey Formation.
Scale bar = 100 um for all illustrations.

Figure 1, 2. Globigerina bulloides d'Orbigny (s.1.).
1. Umbilical view, sample Mf1187.
2. Spiral view, sample Mf1187.

3, 6. Globigerina pseudociperoensis Blow.
3. Umbilical view, sample Mf1187.
6. Spiral view, sample Mf1187.

4, 5. Qlobigerinoides trilobus Reuss (s.1.).
4. Umbilical view, sample Mf1186.
5. Spiral view, sample Mf1186.

7-9. Globigerina obesa (Bolli).
7. Umbilical view, sample Mf1186.
8. Side view, sample Mf1186.
9. Spiral view, sample Mf1186.
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